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OUTPUT CIRCUIT OF SEMICONDUCTOR 
DEVICE 

TECHNICAL FIELD 

The present invention relates to an output circuit of a semi 
conductor device. Particularly, the invention relates to an 
output circuit capable of changing over an output impedance. 
The present invention also relates to a data processing system 
that includes a semiconductor memory device having an out 
put circuit. 

BACKGROUND OF THE INVENTION 

In recent years, signi?cantly high data transfer rate is 
required for data transfer betWeen semiconductor devices 
(betWeen CPUs and memories for example). To accomplish 
high data transfer rate, the amplitude of input/ output signals is 
increasingly reduced. If the input/ output signals have reduced 
amplitudes, the desired accuracy of impedances of output 
buffers becomes severe. 

The impedance of the output buffer varies depending on 
process conditions during the manufacturing. Also, during its 
actual use, the impedance of the output buffer is affected by 
variations in ambient temperature and poWer source voltage. 
When high impedance accuracy is required for the output 
buffer, output buffers that can adjust their impedances are 
utiliZed (Japanese Patent Application Laid-open Nos. 2002 
152032, 2004-32070, 2006-203405, and 2005-159702). The 
impedance of such an output buffer is adjusted by circuits 
generally called “calibration circuits”. 
As disclosed in Japanese Patent Application Laid-open 

Nos. 2006-203405, and 2005-159702, the calibration circuit 
includes a replica buffer With the same con?guration as the 
output buffer. When a calibration operation is performed, 
With an external resistor connected to a calibration terminal, 
the voltage of the calibration terminal is compared to the 
reference voltage and the impedance of the replica buffer is 
adjusted accordingly. The result of adjustment of the replica 
buffer is then re?ected in the output buffer, and the impedance 
of the output buffer is thus set to the desired value. 
On the other hand, in a semiconductor device such as a 

DRAM (Dynamic Random Access Memory), the impedance 
of the output circuit is required to be changeable. To meet this 
requirement, it is considered suitable to provide plural output 
buffers having different impedances. HoWever, according to 
this method, the circuit scale of the total output circuit 
becomes very large, and the calibration circuit needs to be 
provided in each output buffer. 

In order to solve the above problems, not plural output 
buffers having different impedances are prepared, but plural 
unit buffers each having mutually the same con?guration are 
prepared, and the number of unit buffers used in parallel may 
be changed according to speci?ed impedances. According to 
this method, When the impedance of one unit buffer is X, the 
output impedance can be set to X/Y by usingY output buffers 
in parallel. 

SUMMARY OF THE INVENTION 

HoWever, as a result of researches the present inventors 
have carried out about the method of using unit buffers in 
parallel, it has become clear that the error of the output imped 
ance becomes large along the increase in the number of unit 
buffers used in parallel. 
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2 
Therefore, it is an object of the present invention to 

increase the impedance precision of an output circuit of 
Which output impedance can be changeable by using the unit 
buffers in parallel. 

The present inventors have carried out researches of causes 
of the increase in errors in the output impedances along the 
increase in the number of unit buffers used in parallel. As a 
result, the present inventors have found that a poWer source 
resistance present betWeen the poWer source terminal and the 
output circuit is a main cause of the increase in errors. The 
present invention has been achieved based on this technical 
knowledge. 
The above and other objects of the present invention can be 

accomplished by an output circuit of a semiconductor device 
comprising a plurality of unit buffers connected in parallel, 
each unit buffer having transistor and resistor connected in 
series betWeen a poWer source terminal and an output termi 

nal, Wherein 
ON resistance values of the transistors included in the 

plurality of unit buffers are mutually substantially the same, 
and out of the plurality of unit buffers, resistance values of the 
resistors included in at least tWo unit buffers are different 
from each other. 
The above and other objects of the present invention can 

also be accomplished by an output circuit of a semiconductor 
device comprising: 

a ?rst output buffer including one unit buffer having a 
series circuit of transistor and resistor; 

a second output buffer having m unit buffers connected in 
parallel, each unit buffer having a series circuit of transistor 
and resistor; and 

a third output buffer having n unit buffers connected in 
parallel, each unit buffer having a series circuit of transistor 
and resistor, Wherein 
ON resistance values of the transistors included in the ?rst 

to the third output buffers are mutually substantially the same, 
resistance values of the resistors included in the second 

output buffer are mutually substantially the same, 
resistance values of the resistors included in the third out 

put buffer are mutually substantially the same, and 
resistance values of at least the tWo resistors included in the 

?rst to the third output buffers are different from each other. 
The resistance values of the resistor included in the ?rst 

output buffer can be different from the resistance values of the 
resistors included in the third output buffer. The resistance 
values of the resistors included in the second output buffer can 
be different from the resistance values of the resistors 
included in the third output buffer. It is preferable that the 
resistance values of the resistors included in the third output 
buffer are loWer than at least one of the resistance values of the 
resistors included in the ?rst and the second output buffers. 

In the case Where m is equal to 2 and n is equal to 3, When 
one unit buffer is used, the ?rst output buffer can be selected, 
When tWo unit buffers are used, the second output buffer can 
be selected, When three unit buffers are used, the ?rst and the 
second output buffers can be selected simultaneously, When 
four unit buffers are used, the ?rst and the third output buffers 
can be selected simultaneously, When ?ve unit buffers are 
used, the second and the third output buffers can be selected 
simultaneously, and When six unit buffers are used, the ?rst to 
the third output buffers can be selected simultaneously. 
As explained above, according to the present invention, 

because the resistance values of resistors included in the unit 
buffers are differentiated, the deviation of impedances attrib 
utable to the poWer source resistance can be offset. Therefore, 
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even When the number of unit buffers used in parallel is large, 
the impedance of the output circuit can be set to approxi 
mately a desired value. 

Further, by carrying out the accurate calibration operation, 
the data transfer speed on the system can be increased, and a 
higher-speed data processing system can be con?gured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
this invention Will become more apparent by reference to the 
folloWing detailed description of the invention taken in con 
junction With the accompanying draWings, Wherein: 

FIG. 1 is a block diagram shoWing a con?guration of an 
output circuit (an input and output circuit) of a semiconductor 
device according to a ?rst preferred embodiment of the 
present invention; 

FIG. 2 is a circuit diagram of a unit buffer shoWn in FIG. 1; 
FIG. 3 is an equivalent circuit diagram of the unit buffers 

shoWn in FIG. 1; 
FIG. 4 is a circuit diagram of a calibration circuit shoWn in 

FIG. 1; 
FIG. 5 is a circuit diagram of a pull-up circuit shoWn in 

FIG. 4; 
FIG. 6 is a circuit diagram of a pull-doWn circuit shoWn in 

FIG. 4; 
FIG. 7 is an equivalent circuit diagram of the pull-up circuit 

shoWn in FIG. 5; 
FIG. 8 is a circuit diagram of the pre-stage circuit shoWn in 

FIG. 1; 
FIG. 9 is a ?owchart for explaining the calibration opera 

tion; 
FIG. 10 is a graph shoWing an example of a change of 

potential at the calibration terminal during the calibration 
operation; 

FIG. 11 is a graph shoWing another example of a change of 
potential at the calibration terminal during the calibration 
operation; 

FIG. 12 is a block diagram shoWing a con?guration of an 
output circuit (an input and output circuit) of a semiconductor 
device according to a second preferred embodiment of the 
present invention; 

FIG. 13 is an equivalent circuit diagram of the output 
buffers shoWn in FIG. 12; 

FIG. 14 is a table shoWing a relationship betWeen a target 
output impedance and an output buffer to be operated; 

FIG. 15 is a block diagram shoWing a con?guration of a 
data processing system according to a preferred embodiment 
of the present invention; 

FIG. 16 is a modi?ed equivalent circuit diagram of the unit 
buffers; and 

FIG. 17 is a circuit diagram shoWing an example of a 
mutual connection of the unit buffers inside the circuit. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Preferred embodiments of the present invention Will noW 
be explained in detail With reference to the draWings. 

FIG. 1 is a block diagram shoWing a con?guration of an 
output circuit (an input and output circuit) 100 of a semicon 
ductor device according to a ?rst preferred embodiment of the 
present invention. 
As shoWn in FIG. 1, the output circuit 100 according to the 

present embodiment includes n unit buffers 111 to 1111 and an 
input buffer 120 that are connected to an output terminal DO, 
and a calibration circuit 130 connected to a calibration termi 
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4 
nal ZQ. The input buffer 120 is activated at the data input 
time. Because details of a circuit con?guration and a data 
input operation of the input buffer 120 are not directly related 
to the content of the present invention, their explanations Will 
be omitted in the present speci?cation. 

FIG. 2 is a circuit diagram of the unit buffer 111. 
As shoWn in FIG. 2, the unit buffer 111 includes plural (?ve 

in this embodiment) P-channel MOS transistors 211 to 215 
connected in parallel, plural (?ve in this embodiment) 
N-channel MOS transistors 221 to 225 connected in parallel, 
and resistors R1 and R2 that are connected in series betWeen 
the transistors 211 to 215 and the transistors 221 to 225. A 
contact point betWeen the resistor R1 and the resistor R2 is 
connected to the data terminal DQ. Of the unit buffer 111, a 
part including the P-channel MOS transistors 211 to 215 and 
the resistor R1 constitutes a pull-up circuit PU. A part includ 
ing the N-channel MOS transistors 221 to 225 and the resistor 
R2 constitutes a pull-doWn circuit PD. 

Five operation signals 141P1 to 141P5 that constitute the 
operation signal 141P are supplied to the gates of the transis 
tors 211 to 215. Five operation signals 141N1 to 141N5 that 
constitute the operation signal 141N are supplied to the gates 
of the transistors 221 to 225. Based on this arrangement, the 
ten transistors that are included in the unit buffer 111 can be 
individually on/ off controlled based on the ten operation sig 
nals including the operation signals 141P1 to 141P5 and the 
operation signals 141N1 to 141N5. 
The parallel circuit including the transistors 211 to 215, 

and the parallel circuit including the transistors 221 to 225 are 
designed to have resistance rmos during the conduction time. 

HoWever, the ON resistance of the transistors varies 
depending on manufacturing conditions, and also varies 
depending on the ambient temperature and the poWer supply 
voltage during the operation. Therefore, desired impedance is 
not alWays obtained. In order to set rmos to the impedance, the 
number of transistors to be turned on needs to be adjusted. For 
this purpose, the parallel circuits including plural transistors 
are used. 

In order to adjust the impedance ?nely and in a Wide range, 
it is preferable to mutually differentiate a W/ L ratio (a gate 
Width to gate length ratio) of the plural transistors that con 
stitute the parallel circuit. Preferably, Weight of the poWer of 
tWo is used. Considering this point, according to this embodi 
ment, When the W/L ratio of the transistor 211 is “1”, the W/L 
ratios ofthe transistors 212 to 215 are set to “2”, “4”, “8”, and 
“16”, respectively (The values of the W/L ratios are relative 
values, and do not represent actual W/ L ratios. This similarly 
applies to the folloWing explanations). By suitably selecting 
the transistors to be turned on based on the operation signals 
141P1 to 141P5 and the operation signals 141N1 to 141N5, 
the on resistance of the parallel circuit can be ?xed to sub 
stantially rmos, regardless of the variation due to the manufac 
turing conditions and a temperature change. The resistance 
rmos is set to 1209 for example. 
A resistance value of the resistor R1 is set to a value 

approximately the same as the on resistance rmos of the par 
allel circuit, for example, 1209. Accordingly, When at least 
one of the pull-up circuit PU and the pull-doWn circuit PD 
becomes in the on state, the impedance of the unit buffer 111 
observed from the output terminal DQ becomes 2409. Tung 
sten (W), for example, can be used for the resistor R1. 
Each of the other unit buffers 112 to 1111 also has approxi 

mately the same circuit con?guration as that of the unit buffer 
111 shoWn in FIG. 2. Regarding the operation signals, corre 
sponding operation signals 142P, 142N to 14nP, and 14nN are 
used, in place of the operation signals 141P and 141N. Resis 
tors R2 to Rn are used in place of the resistor R1. 














